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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor element of satisfactory heat 
dissipating properties and a manufacturing 
method thereof, wherein warpages, crackings 
and chippings are prevented from occurring in a 
GaN substrate, even if a sapphire substrate is 
removed, a wafer can be easily formed into a, 
chips, and the GaN substrate is protected 
against unnecessary cracking when it is cleaved. 

SOLUTION: A GaN substrate 2 is formed on a 
first dissimilar substrate, the first dissimilar 
substrate is removed after or before an element 
structure 3 is laminated thereon, and a second 
dissimilar cleavable substrate 4 is bonded to the 
exposed part of the GaN substrate 2. Or the 
GaN substrate 2 is formed a thick as 80 jum or above, the first dissimilar substrate 
is removed, the element structure 3 is formed on a surface located opposite to 
the exposed part, and the second dissimilar substrate 4 is not bonded. 
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^•**lTt\S*">SAM±giJt LT, G a N«tS©JgI?J!)<5§ 

©JSStts ^2©^at5ft}g^-r^^t, 
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So 

[0 0 2 9] *&ffc*GaN&*Ml;:/fc*a-tt4.fc|Sn 
*PfiA<3§£U^<fc*K Cl(D^Sl3^U/c:*SSXPiS© 

£ lflS-£©Jf J^ICfiJcfi^-tt /=Ji£llf£l8©9J#©Jg| 
ICfi£«*-ti:i.i:GaNlc:SiJtLA<Sac:0l3< <j&5o ^ U 

t, *sa*PSA<M'j>-rsts&©/gtJii:, ©musts 

£Pfc£ L±ia©«t d fcSff 2 <D JUI££6Ste-t*r 1 1«9 
ifa<J3&gA<f# ^.tl^KiPt fta^tai-f-rs z tic«t 0 x 
GaN£tS£8 0 MmJU±©MI?fcTrS CfcTr*^© 
g6<)£;§/$-fS C t #T=#So 
[0 0 3 0] #!§Bj§(;:fcU7\ Sg1 ©SflStSi: L-T 

H,6£a?j*-f S-Ttftglfti: LTl>S©T\ *#KSggi± 
©fcumaatSL tflxliCffi. R® N ABi&^igfrs 
•9-77"TZ > Xt*^ (MgAliO.) © «k -5 mm®. 

©ft r^it© t \ats ^ ffl u ?, o 
[0 0 31] ±ie^7 1 7;ufiE«ic«toTf#e > *L/c 

&Jt*PiS©'J>&l\G a NStKKfg^tJS&ftJI^TSlfl 

ftGaNatSKJfc/jrrs^, 02© (a) 

\zm 1 ©SaStS$:P**-ti:ncG a NatSlCSmgiift 

Jf5fi£UT£v 0.2© <b) ic^-r.fc-51-ffn ©maats 

£P*£ UTA S £> G a N atSUrfSHMS^SffSric UTt, «t 

l^o 

[0 0 3 2] WTICE12© (a) <D«&£tUtTWPl-r 

s 0 S2ic^r«fcaic:. t& 1 ©maats 1 ftp^-tt-r 

l-v ^^W#Jll;<fcoTJf5/#£;tx/iG a NStS 2©^ 
1 ©ail*t51 fcJKttlB'J©® (JS-1 ©i®) K'J>fc< fc 

fc>ittfeJi£*rsis&©m?t?5£3£^-rSo SMb4to 
t & s ^©gft^^ft/iroiSJi/s ji 

©#;*(*, »EH8£**i-*\ 0!l;U£ft3fe&*fl©;£&&ffl 
US^IttfTrtSo 

[0 0 3 3] >Stt^&*r2»^^}iit3 ^fS/lfigS^-U: 
'J -y vtSii©^^ nSS&^/j£r-5fc46l3n 
#J^SJI£Stii;*-t*S^ ^t^*^ft£x.y^>^?- 
Sldli, 'Jxy H7?>i?\ K7'fi>yf->i'^0!)* 

>X.y^><7 (R I E) . SJS1±'fxJ->tf-Ax.y5 i > 
if (RIBE) \ gft-f^ot.Q>l-yf>y (EC 
R) v '1'^>tf-Ax.y^>y^©^SA t fe'9, Uftl 

t,x.y^>^*-x^jsa:^s?-r-2)C:i:^io, 



tfftKttigl L/c4#l!S¥8 - 1 7 8 0 3 *&tt8S*®&4b 
!fc^f*©:Rft&Ufcx .y ^ > $^£S£ ffiU5CtA<T§ 

So 

[0 03 4] x.y ^>yi;«t 0 s U «y vJfJ^t nfJ^S 
J«TSo *«B^I-fctNT, GaNStg|c^ttttO[)^2© 

ff^-rs -y xz>ii£ < -rs c: t ft^tgt*: 

[0 0 3 5] &W&&fcffik\Z, (GaNatKfr 

^©ttiljftfllUTPfofeLTSgl ©milStS 1 t&LTl* 
/cGaNSt5 2©® (tg2©±®) £gtii£-ttSo «t.1 

©maatsi ftp^-rspgi;:. 01 ic:^£;h.sgfl;4&i# 

^{*JI1 0 1 % «if Jg|1 0 2MMv77l (tU^^^T, 
Tl%«cH) <D±®t. GaNS4S2©-gpt,P**^*l 

So ©mtiatsi 3&f4p**-rs 

Hfrfc£0#£P&5feU ^©}*X.y^>y-e$fflA^Ugp»^ 
P**LT. Ga NStS2©Sf5 2©;£®£gaj;i-ti:Tt,J; 

t^o 

[0 0 3 6] ;*;(c:, 0 2© (b) I3^r«ta ICG a NS 

tfi^e^i ©maats«:Kt*LrA^e>Ga Natsir^ 
tsjg^ffsfisrs^totNTiftB^t-So c©^#i±. m 
Tm&ZBfiL-fzitiiz, ^ 1 ©maats$:G a Nt^^ 

e»±I2LfeWS*»x.y^>y^©*aslz:«ki3P**L, 
©^. GaNa^l^^tSil^JfJ^So ^©ffe, x«y 

^>^a*cir(i, 0 2© (a) ©*§•&£ |s)t8©rtg!-e 

feSo ifc, 02© (b) ©ig-S, S1©±ffit^2© 
^®li^ Ga NSt5A^^1 ©mtiStfi£P** L-TUS 
©T, ^tSit^^LTtNSG a NStS©®$:mi ©± 
®i:L, ^1 ©gtIStS£P££L&m£;hJim?Sjg£* 
LT^^^t^G a NatS©04^2©±®i:-rS„ ^1 © 

±®ic^^t8Jt$:ff$j5£-rst. ^^.(D^m^m^iim 

e.tiS©T»suu„ SfcS2©^®ic:^t^^^ 

[0 0 3 7] Ga N ^ff^ld^ft^'-ltr 8 0m 

mW±©GaNSt5«:ffluS^-&li0 2© (b) tla)^ 

c» 1 ©anats>«siJK$:P*5fe utcSl sg 1 ©maa 
nmrzx, ^lt0 2© (b) tiim^'3M2©maa 

it tai\ 0 £fcGaNatK©Sg1 ©±®fc^2 
©iffi®Sffli0 2 0 (b) ©i^a-t|l)1f©rt^T:fc 
So *fc«?4SJg$:JI5i5£rS^x GaNlfifrf,f 10) 

maat5$:P**ur^^^tgjS4Ji)c*^-a:si:x mi 
©maats t ©ts^^s&^^ic .t s k k> tf&mztitz $. 

[0038] }%iz, 0 3i3^rj;-5 ir N 1 ©itaats 

P** t Tm tb * * fc.Xli ft % t r l\ 7& l x G a 
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Nats 2 ©sg 2 ©3E®ic:§fiifjfcfe£*rf 2 ©llfiatS 

4A<t£££*ia 0 ffSl<IJGaNSffi2©^|filt 
nr 2 ©miats 4 ©uncial 1 tf^KttK-a-fa «t -p 
Id G a N atS 2 ©Sg 2 ©£® l;:Sg 2 ©ggatS 4 £&£r 

H8£ftA<-BlLTlvk<Tfc J:<, #lxl£lg2©J5|fia 
« 4 L/c&T: $ x a Zgffi >y ^*CtJ* 
I3> ^2CDSfiatfi4©ffgg^|fi]Trf|il^^A6/E-CDt* 
G a NSt5©ftgg*(R)l;>aoTG a NatS©§#§fj*)<fr;b 
Jh.Jh.tf J: u„ ^M^(oJ*^^lc:ifit^fiST-aLTt\4x 

TUttliflte-Cfc . m 2 ©g*iatSJb<G a NatSldtg^ 
LTHZW. GaNStSSrftH-r-SI^IC G a NgtS 

[0 0 3 9] JfcSgB^dfcOTs GaN©ff|g^|qji:UT 

lis ^%mm^iamLr^mw-9 - 23267 6^& 
^ici2«£a)®^{]i. mx.it. (1-1.00) -um7*tiz 

m (MS) 6^tf6*i5o -fe^^ld. MSiiligfb^ 

ttrowis eta ^ -r a ea£ as©® icta s -r & ® i? & 5 0 

[0 0 4 0] ±Ig*^B^lClffltxe»ti5M2<DgaStg4 

tfSiCs Si. 6aAs, Ga P, InP, ZnS, 
ZnSe, ZnO&ZffmfZtiZo MldSg 2 ©Kfia 
*5 4 *><^m&T: nf|®£Sg2©*aatS®l;:J& 
J^SClfctf^iifcOJtf^LUo SfcgdSg 2 ©gig 
atS4#K&f£«l1±T-fci>fcx ^2©^fiat5/)^©& 

^ttA^tltTECJv ^icJcoTttSfb^Stt^T: 

fc<Tfc«fc<, l^Xfg^fSf^bTrt*©-?;*?* LU„ 
[004 1 ] ^2©SaS«4$:GaNatS2lC^-r 
**>SI*s ^&JfcJ$£;lx/c$g2©gfiat54©ig'&® 
i:. ^1 ©Stiat6£l&5feUTgfcBLfcGaNatS2©. 
S^®t&^St*l3LT. ; E-j*xS©Sgffi|5]±£SS*>^;b 

fc&Utfs Ga Nat£2&Z/Sf!2©g;fiatS©tg 

•&s©figiv:«at±*t*4£:fr-r *> c tic t tg^-tt-s . 

Sn, Au-Sn v In, fc£ UtfCUh. £©££*<# If 

[0042] *mmz.&i\T:. ts2©gtiats4©jBijf 

It, ftlZt&m£titj:i,\i)<G aUmfa&KimmT&ZZii 
#S3:L-<s ^teft\Zlt2 0 — 5 0 0 *?£L< 
l*50~2000Mm. it)tfSL<li1 00-100 
O/imffeSo S2(DSfiat54 0®Jf/)<±IB®fflT:fe 
5>t/t.y<r-i>->^\ AJU>7}£tt (Sg 2 ©HfiatSl;: n 
S®^ff^r-S^-&) , G a NatS (D^lSW 
5£jg©>£T:W2:l,Uo *tz, Sg 2 ©gtiatS 4 



#tt©*i^tfs «9S6<)!^l3&fH±«:J!)Pi*-r-2.i:s 12 
©JMiatStfi^S^tt©^* 
gM4©/ftTr»£ LL\ 0 
[0 0 4 3] Sg2©J|ffatS4£GaNatS2l;: 
}Sn Lt'5XA&f''y ^tfCitfgij U v El 4 13 ^-T t -5 

s^A'ff^n^o i )iAo»iit, m 2 ©gnats 4 & 
ti*o ^2cDSiiats$§ir»a-r?>*;4i:UTiiv «u:pa 

5££;h.J&:Utfs tfiJxIi^^-YA-, 

[0 0 4 4] fcfcJfcftffilcifcUTtfs GaNatS^^Mf 

0>SliatS4^GaNa^2lCg-&Ufc3tlCJ;'9, G 
aNatSG>§tP*fj1±#&#t&3o SlC*^B^Ii N G a N 
atfi2<DJ5 »3. ^ £&V£l*Jfc^&£/)<#Px.&;h. 

j**„ *1tmz* ^2C0Sfiat54ICftH1± 
tffcSfetos GaNatS^l/GaNatSiO^^IIjiS 
£JfcfiE UTU3g<b%¥*g#/lSj5l»K§f^-ra d 

oTM4flCf#-i,Cli:/)<TtSo *7c. 2 C0^liatfiA< 
fg-&£;txTU&U8 O/UimttlfflG a NatS^fflt\^*B 
■^Trt, s G a Nat5©MJ16Wtx?ci6!felSBD5tJg6 < IaJ± 
Us ^Ste&\M)Wz.t>ti, ftB?*|nJl3>'aoT^»l^ 

[0 0 4 5] §158^. ^■yyi*7'-b>yUXfi's^* 

^xSjs<bc?Fti,-5 0 T*>yjxfi-i:i±s mi cTDsaats 

* 2 ©SliatS 4 tfJgSSfcteSHSfeTfc -5 ^ttRM± A ? «t 0 A 
tffcJ&Os ^-&lc:«koTlit- hv>^&iglt*:<Tt, 
<t<X§6<fS5^fbck^-5»o 

[0046] J-ATIds ±S3*^B^C7)^b%^^m^© 

It. mAlZTHtStlZtolZ. fS$fH5i$:&?Z%i2<Dmm 
atS4±ldGaNat5 2i&^ts ^-©G a NatS 2±|C 

mm^m^m^m^ 3 $«fisr * < t *.-;st±^ & 

«t-?»^©gfb^^f*^4*LTfi)c-2>o G 
a NatS2©M2©StiatS4|3tgUTUi>® (GaN 

ats2©tg2<D±®) it, muzTjkztiztgi ommm 
tsi (^jxtf-y-^T-f^ats) . &{tm*m#® 1 0 1 

•^«IIJBi1 0 2^4UfciTfc5. ^fcEI4li, JsJ— 
Bfi'JlCnSSSl/pSS (la^^ttTJ&U) &ISI^-5tS 

[0047] *§m<i>mttfa*mtofii=f- \t. m 2 ©sa 

atS4A<s GaNBffi2©ff^*|q)i:S2©S«a«4 
©§l^^fS]i:/)^S6*jlc:-ai-^«k7lc:s GaNatSl; 
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**{WiUTtt» »cBBg*nr, «;u*&stiiaHvr 

©£fflUTfc«fcO 0 S/cx *»WCfet\T, 8 0 Aim ft 
[0048] 

*7y-f7'at«&i:&i**'r**dK'3i»Tffo&. ft 

[0049] 2<(>74 s Cm&3iW£TZ?7 7'(7' 
£9&SJffi ©g«g«i SMOVP EKfttiMBriiz-b 
>y h U jgjgfc 5 0 O'CIZ UT\ *t'J 7-#^K*JR» 
KJfctfXKTMG (MJ*7JU A (Ga(C 
Hi)i : TMG) Sl/T> ; e-T (NHi) fcfflUx Ga 
N «fc9fcS/Wi7 7JI (EJ^tiTUfc) *.2 0 0*> 

0 5 O'CKL-T, BU<QaNiO&4;t 
>y7T®J:fJJ^JK©Sib«5^f*:Jl1 0 1 £5 Aim©®! 

1 0 1 li, A 1 jgSJtXfift'O. 5fel.T0A1.GaN 
N (O^X^O. 5) £f3Hk£-ezzttf&3. U*„ 
0. 5£jS;tai:. «S1ft&K&lt?J:9t,t£Ag.ttl;:* 

a8tic&*«ifi]icfe4o ^feat***** 1 oioi 

J9U*/ty77JI£0t,JPlifltV-?/£Sd-&T,. 1 0/im 

TttGa.AlwN (0<Yg1 ) a}tBJAa>t><Z>fej£Jt 

[0 0 5 0] (GaNg«2©J&£) tSIS^ 1 0 2M 
flL 'Ji-ASISMO V P E<DJSf5^ts(*llc:-fe'y K 
U 1 0 5 O'CldLT, 7">^^T. TMG^ffl 

l\7 > K-7"G a N «k 0 G a NStS 2 & 3 0 Aim© 

[005 1 ] ftTKEI 1 0>&{b4i!i*«f*X?titii 3 ©H 

Rg«^-t±feG a NStg2±lrTia©#^^m/l^-tt-&o 
111 5 yjR^OfltdtWKiiHTfe*. 

[0052] o 1 fctfjtau ■Ji-n 

fcJEfMWBfr&SHJiBU C0&<btt*MMtJI1 0 1© 

mmiz, x y=7^ y&<D7* hT^srajau cvd 

^Id^OT. K5-f 0/um N X h ^ 7?^ (IS 
gp) 2Atm©S i Oi«fc«3fc.5«ISjg1 0 2$ 1 Aim© 



J: 9 *.«M«a>ii»»**$ <-f%l5li\ t*A*K®2J>tit 
l>GaN»S2. (T53I^TGaNS*R2) 
-f U 0 

[0 0 5 3] (GaNStK2©Jf*#) ttffRI 0 2Jfc/$ 
SU ■>i-/\4SSM0VP E©JEsfegfS|*lic-bv h 
U jgjgfc 1 0 5 CCIdLTs 7 7 > ; E-7\ TMGSffl 
t\T > K -7*G a N «t 0 G a NStS 2 & 3 0 At m© 

[00 5 4] ttTCH'l ©ab4S)4^&fSliN?f j£ 3 © a 

/£ft£-t*fcG a NStS2±l;:T!a©&JI£W/l£-«:.5o 
ID 5 agftft**** I, -ifm=F<DmiSWtt'&®T-&Z o 
[0 0 5 5] (nfi"jyt.y7 7^1 1 =*n#jn>^^ h 
M) ±l2GaNSt5 2 (0 5 l3(*-y-7 tA TWfo. K S 
fc****WB1 OI&tfgjHSJSn 0 2&£:£II]^L--C(,\ 
fcHSc^SgrtUHr-y h U >&&£1 0 5 0°C£T- 
±W\ * + V7Ji7,\Z7km, f$MH7.lZT>^-J>tT 
MG (hU^^WU-SA) . TO«5^fcLTy7> 
#7£fflt^ GaNStS2±l;S i $ 1 x 1 O'Vcm' 
K — 7*LfcG a N «fc <5 nliij/f'y "7 7J1 1 1 £4Aim 
©Jgt*-ej5:g£-tt£>o £©/■.•> 7 7J1 11 li, EJ5©«fc 
■5 &*Sii©f£7fc3§^&fip8g L&trafcl* n «ISS:ff$J5Ef 
££&©=]>** hjfi: LT^ftfflt- 5, C© 

•Jx ^Jx.(iir7 7^T, 7xtr*JU©«t5lc:^b%*^ 
fcSfc£>#*4<fc 0 &3£4E0>±Cx 9 0 O'CUTOCnB 
lCfct^T N GaN, AIN^, 0. 5AtmfeJ.T©KiP 
T-il^fiE*^ -tf * / \* -y 7 7 /! i: liES'J * tii> o 
[00 5 6] (^7»^K±119) nfin7 7 7l1 
■\f&Wik, SJg^SOO-CI^LT. Jg^XICTMG. 

SiS5x1 O'Vcm' K-7"ltI nil Gau N «t 
•J«c-S^v>y^R*±^1 9$5 0 0st->i''7s ha-A© 
MJ?r/5£«*-tt^ 0 C©^^>y^K±^1 9liln&a 

•tt^dticfco. ai z^tmtm^mwmwzt^v 

R*±^li1 0 0^>^X hD-Atl.±. 0. 5/xmVXT 

ommT-fiL&z-ttzzttiwzL^o iooyj->y^h 

a - A J: 0 t,^tNhBtiie©«t o \zt =7 v $>M±t UTft 
fflUZ<<. 0. 5Atm«fc0tJlUts * 3 Sif*/)<^S! 

[00 5 7] (nM» 7 yK|1 2 =StST®) 
t, 1 0 5 0°CT:TMA ( h 'J ;>< t^T'-IUS; N 
TMG, T> J E~T V v5>*'X$:ffltK Si X1 
O'Vcra' K-7*UfcnSA 1 i.t G a..i N «fc 9 fc£Sj? 
1 ©^$:4 0^->y7 KD-A©)gJ?-CJ5£S*-t+. 
Tv^>?3'7s, TMA^±A6, 7>K-7 , ©GaN<tt) 
J&^^2©^$:4 0^->^7 \*a-^0>mmT-f&m.£1k 
i.o ^LT^1^+^2Jl+^1^ + m2^+ • '• • fc 
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Sle:*JIU *SBtJ?0. 8)Umfflg|8fJ: t)&5nffl|* 
^«y KJ1-1 2^fiX«^4i:?, 0 

[0 0 5 8] (nffliJ^^V K@1 3) ^^r, i>^>* 
*£it&s 1 0 5 0°CT7 7 >K-^GaN«fct)^5n<PJ] 
Tfctf-f KJil 3£0. 1 AmOJKJfT^^-ttSo C(D 

G a N x I nGaNftfiSS**-ttS^fcft«fl*L<s-a« 
1 0 0^->^7.fa-A~5A.m x * 6C» $ U < It 2 
0 0*>^ hD-A~1 timomttlSL-RiSltSZ.k. 

:tt-cij 0 JStt?JI£:r«^l;:f*'/t>M s *<9':/ 
x*;i,*-fiS14Jg©#}3Jl«fc •? < x nM£ 5 <y 
KJgOA T i.!GauNJ:H<J^<no 
[00 5 9] (JSttJII 4) Jfcfc, JKtttKUZTMG* ' 

SttJII 4l±;gg£8 0 0°CK:i£8LT. T> K-^I 
n.iGa..iN«fc&J5c3#/5JI£2 5*>^hQ-A 
<0W»TJ***-tt4o ftlCTMIO^Jtfcgib^-ttS 
c7)*.-v?H— i&JgT. 7>K-yinuiGai.«NJ:5 

& * w&m z 5 o * > h d - L>o>mm-C'j$&i* 
a&mmi i 5x><?x ha-h.^mm.^-^mm. cm 

QW) ©JSttMSfiES^-ttSo >£i£/II*#fliffi0!l©J:-5 
C7-> K-yi?t,J:t\Lx £/=nS^&«U//Xfip 

[0 0 6 0] (p*++*y«1 5) SfcE, 2J&£1 0 
5 0 o Cl::±lf. TMG, T M A x 7>t-7, C p,M 
g (i/^D^>^i/iz^?^v-5A) p$j 
3fe*"-f KJS1 6J:HM>Kfw7"xW-j!)(^ 
IK Mg$1x1 OVra'K-T'LfcpSAluGa 
o. NJc*)fc-!>p©J*+<y:/JI1 74300jf->^ h 
□ -Ac7)^JlT-^c*-tt2.o d<DpS*Vy ?7I1 5(* 
miZ&^tz&oiZ, 0. 1 MmlOTafliJrej&ftU J8t 
^©TPfiliftlcPfl^LfcUtf. 1 0 hn -AW. 

[00 6 1 ] (pfltifctf'f KJI1 8) m^TC p,M 
g, TMASife, 1 0 5 0°C-Er, M> K*1"y :7"x* 
^-* ( pfl!+fy7'I1 5«fc9fc'J*£U. 7->K-7 
G a N «t iJfeS p(W3fe*f-f K/f 18 4 0. 1 AtmODPJp 
Tfi)cfti*-ii:?.o COJIlix m&.m<r>%ii<( KJItUTit 
ffll, nS«*V KS13t|5li;<GaN, InGaN 
T-f£&2itZZ.ti3<m$. bU 0 C© p#j7t^3*-f K 

JlfcT 7 ^ K--:7©gib4&)*aii*, ^*6ty£ K- TXfcg 

=F-mb-rz*%-e>izitft> k** »^i*^-itiati 

<D#pJU:9:*;£<x pMir^v KlOAIiiGan 
Nit) t,'J»i* <f So 



[006 2] (p^7vKH7)ilM, 1050 
•CTMgfcl x 1 OVcn'K-yLtpiAluGa 
MN,fc»Jfc£>tg3CDJl£4 0:*>y3. ho-Afl!)Sg 

IkUTTM A©&£lti6 v 7>K-7Ga 
N J: 0 £ ^ 4 <D/I & 4 0 # > ? X h □ - Ac7)^Jl7:/53c 
JI£-tt5o ^LT^O^^^^^SSIZ 1 0 00,^ 
!)IU fcSJglilO. 8yUmt7)jate^JIJ;i3fc.Sp#j^ 
<y KJB 1 7$:ff^-r-i.o 

[006 3] (p«3>** h/fi 8) 1 0 5 

0- CT. p#j£ 5 -y KJB 1- 7 ©±13. M g £ 2 x 1 0" 1 
/cm' K-yitpSGaNiOW pfflij3>d'^ KJ1 

1 8£1 5 0X>>?X ba-A(DmmT-f$.&£-&Z 0 p 
W^~>*5 KJ11 8lipS©I ruA 1 ,Ga.-ii N 

(OgX, 0 1Y, X+Yg1) W 
IKIiMgS K-ytfcGaNt1-*i(i N pgg2 1 
tm&tt* -S.v t> *iZ 0 JtpSA 

1 iG a t-i N fc^fcitite^tftifiCD p«* 5 <y K/l 1 7 13 
SUT. M> K^^<yyx*;u^-t7)/J»*t^b%^ 
&£p#J=i>*£ KJittT, ^©JB£/P£ 5 0 07f->^" 

x\-a-jxw.Ttm< Lxi^tztbiz. mnmzpm^ 

>**SJI1 8<D*V t JT}Sk&tfm<te t ) P«Si:«£ 

[0 0 6 4] t^ro.tdicur^b'to^^s^^-tt 

fc^x-/\feMf5^tlrtlZfct\T. S^SI^<*'7 0 0 

^fel^iSfc^b^-itSo 

[0 0 6 5] Tx-iJ <y^-A$Hf£;^§S/)vf> 

^otUL> msii^-ridicix r i E$i&iz£*)Wi±m 

t7)pfla hJ!1 8t, pfli]^^«y KJ11 7 i:=&x 

h7-f 7&<D U «y v}fj« i:1"-S3i:lc:«fc'3s 
?1cft<^ h^-f^'J *y->"c7)Tlc:»4'.r-2> i^l-«:^TKffi 
^(£Tt--5o ttlZJHte^JIUDfcftp*!*^* K^1 7 

w±©ji^ »j >y ismvitTz z t tm * U> 0 

[0 0 6 6] ;JUI''J -yi/-a®irVX^SJf5J5EU. R I E 
l3Tx.y^>£-£frlK nfi«M«y 7 7-J1 1 1CD«®$:S 
ttS^-ttSo Stb*-ttfc3CT)n^M-.y77^1 1(*n«IS 

2 3 £ r * fc to © □ > ^ ^ h ® t u t t, it m r z 0 

fefeiaS-lrliniSiJM'y^TJil 1 SJlhLT 
G a NStS2 STX«y^>y$:^fL\ v StBL/c 
G a NS*S 2 tmtTZ> Z ttTr&So 

[006 7] piP.y=i >^ ^ h/1 1 8 0> U «y viftl 
IdN i tAu«J:0«:Spl:®2 1 £X t-7-f7"ttl3fit 

1- 2.0 P#jr3 >^^ SJii:»t U^- 5 >y £ 6*i 
2.PSS2 1 t7)*ii|s4i: LTIt, 0iJxl£N i . Pt, P 
d. Ni/Au, Pt/Au, P d/A u^feplf & d 

(0 0 6 8) TitAU0frSntg2 3l:{t 
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VHZB&t ho nflJAy^r/II 1 S SfcliGaNStS 
2 hi? * U»tf- 5 <y * A<f# nli 2 3 ffltfflt 
UTIiA K Ti\ W, Cu, Zn, S ru I n^©£ 

[0 0 6 9] Jfc|;: % 0 5 t^T«t-plc:pe@2 1 n 
US 2 3 fc©BK«Hi ufc£fb4fc>^f*/g©at®l;: S i 
0,£*)ti:Z,imm2 5£Jf*/$U :©W2 5S^ 
UTp@S2 1 fc«»WK»»Ufc.p/tv'K«g2 2, 
Klfn/ty h'tfi2 4*JB^t4. C©p/t>v KS&2 
2fi£Ktt-fcp««2 laSBHafcifctfT, p'ttfffffc 
>£\ ^JlOy-r >yi?***5E 
*--5flM8A<fc4„ — 2u rWt«y KS&2 4l±n8g2 3 

a>m ttti & w± f $ Aug # s. -s o 

[0070] tt±fflJ:5CLT, nfg&fcpg&fcfcjfc 

ftlIfii«£fiM(z:J:9l$£U Ga Ng$K2©«B (G 
aNBt£©|&2©±B) $:@ai^-ti:S 0 SfcULfcGaN 
atS©^2<D±Bi:> J@£J?5 0 OyumOGa A s <Sg2 
OSaatS) ©GaNStfit^-r-5Si:&^ffitt(c 

(■5x/\J&&©3^) 13 «t t) G a NS60S2©±It 

U ^©BICA u/S n £/fC>-5=w >4>"ffl £: UTttl* 
[007 1 ] *ffl« % Au/S n«*^*9-f^LT % 

£|6jT* /^-S«RLTU-!f^.y7tUfco ftfc^'y 

afe'j-f-^-jjOx-f >yuT, £a-eu— tf«ji&ss 

»fctC4, fflC*l»T, ^fiIS^J^2. OkA/ 
cm', Mtt«£4. 0VT-, %S%£4 0 5 nm(l)Si 

[0 0 7 2] *iM©»Stta«jt><|fiU:U 5 s / 1 

pg©G a Ng|4K©7S«:MtiA^Ptf-7$s Sirs'? tf» 
x.6*i/\>KU>yi±©|pj±t^S*t)©I«j±/)<=Itgi: 

• [0 0 7 3] ftj5S0M CfcUT* GaNS 

«©-9-77-f7'2l«fe|^*U^®lz:GaA s.fitS (Sg2 
©SfiSiS) &}g-g-r^[®l3, G a NS*£©§tF,8£|S)£ 
G a A s St£©§§ mftfa fc JM5IS- 3 JiolZ $ x/\ 

a AsS«SGaNSt5©^§a*fnj6M5S— 



[0074] -[Sffift 3] 06 li*SI9i©fl!j©||j»«f!|K 

ft* u— tf**o!)«j6**-r«3W«jfewi5iaT?*») , 0 

[0 0 7 5] (GaNS1fi2©ffM) fSl&Stfl 1 HfcU 
T» GaNfi«2€;J5EJi*-tt4fiR|: % 7>^E=7\ TM 

S i Hiiffius i 45 x 1 o "/c m' 
G a N <fc *) «e«BUV 3 0 a mT^Eft^-tf -SftjIilaUflZ L 
TGaNat52£/&R£-a-£ 0 «>x/\ftWflf» 

U GaNSt£2©g|®£g£i5«ir-ti: (|&2©±®) „ G 
aN»E2l;:JS1 ©±®tm2©^®$ff^-r§ 0 
[007 6] GaN©Sg1 ©±®±|c s HSfctftJ 1 tm¥k 
ICLTnfliJMy 7 7/111 (n#J=]>£>> SJISSMa 
£) x •*-7«J/£BSit/i1 9, ^ISK-^^tt/c^JS^ <fc 
*? *e£ nflij^ -5 «y KJB 1 2, RZfT> K-'^nflBtotH' 
K/I 1 3^ilSlc:fiJcS*-a:-5o 

[007 7] (n#l+t7^20)iUTTMG, T 

ma n t>^-t. isx%mi\^ nmyas-f kji 

1 3J;Hn> K^i"V^X^.;u^-A<^^t>, Si£ 
5X1 O'Vcm' K-yLtnSAInGauNif) 
&3 n#J* +- >y 7m 20$300^>^hD - A©J@i 

[0078] mznmm 1 ^isntic LT>si£ji h v p 
m**vzrm'\ 5 N r> K-ypffi'jit*--f h'ii 6, p 

IH9?yKJ|1 7. p«ij=i>^>7 h^1 8 

[0 0 7 9] 9R?«ifth«(«fift4ti^a»M:JIAA».' ft 
*£0!I1 fclsJfillZUtT'x-U pI^M4 

06i;^-r«t^ic:g±^©ptj3>^^ hiii P 

fiij^^y K11 7 kSl-yf>^tT < 4/xm©XS5 

[0 08 0] U -y V&tm., pflP>*^hg1 8 © U 
•vvS^ffiCN i/Au«fc0fc-!>pm*i2 1 4Xh5-f 

y^i3jf5i5EL, pti2 1 i>xfto>mikffi<Dmit®¥m# 

MIZS i 0,«fci?«c5$6ii:^2 5£Jf5j$U C©*6^M 

2 5^LTpfS2 1 tmM^l3«^t^p/t.y KS 
S 2 2£ff$/£-r-!> 0 

[0 0 8 1 ] U±©<t7l3tT, pfMfiEUt'Jx 
A©^48Jg$;^LTt\^t\G a Ngt62©fj*2©£® 
Id. ftSSfiNJI t|S)«Ciejp6 0 0Aim©S i 4 1 x 1 0 
"/cm'fflnSCG a A sStS4-)i/\gft4b G 
a Ng4£©|g 2 ©^BlCjg^ LtngGaAsfflGaN 
atSHS LT^-^^^x®©l5IS±Blc: A u/G e ©^--5 
«y^Sa«:^U, ^ICAu/SnibftitOf 

[0082] gSJf^fltG a NStS©MB (^fb«5*^ 
A7j B ^T-£ftl U 13 Aft t±©#JB iz +g ^ T S 
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u znmmmzs 1 o.tT i o^ofc^isstt^ji 

[0083] HI3M> K U >ytt»V4&B £ 0 fcSttffl 
1 fcPH«l;:A»T?fc-3fc. jfcfc, ±I36aNS«tGa 
AsSt£i:©*g££ N ^XMjSifrEJ: (3 fro fctf, d© 
■>x/\»S|fllHftS.T» A u/S nfcfl-L-TG a NfitSi; 
n m G a A s StK fc £ / * |h]«^S t 

[0084] mmM4l nmW 3 tZtmx, nIGa 
NSt6©f^SSig£*UTU>&:UGa NStg©gf2©£ 
BldnSGaA sStS (t&2©g|Ig}S) &«^T4P§ 
IZ. GaN«&©§#|IS;frftfcGaAs»«©§tF4j;fr[Sji: 
?> <fc o iZ7JLJ\&mL&mtmmiz lt u 

— ym+zm&Ltzo ^©^if^ sitftis&is&Htki;: 

A»&ttJR*«»6*t» MI3G a A sS«£G a NStK© 
ll^*|qI/)<l^l^-S^LT^^5roT:ffg8^±/) < ll*iE0a3 «fc »5 

[008 5] [%SfcM5] HJffiM3t*5UT. nfGa 

n &&zmmizf£&£ik, TmsL^umm^n 

*LTKJf 8 OAtmcDGa NStg^^L. +»-77-f7 

® (g1ffl±ffi) K:*?«iftfc»li)tU nSGaNSS 
<DV7 7 4 UTStiS \,t=M\Z Au/GeJ: 

U £ ft® SJfcfiKU ^©±ldAu/S n£ 

>y«K#W\ GaAsatSSGaNStSlcS 

[00 8 6] *-©*Slf^ '£ttffll3 i:l5(S|3)«IC^»^ 
SA^ft.tl. JPJKOGaNatS^ffltxTtx-SODT-. «R 
r SPgK G a N aMSC5FSJ&M*i*ft«flfe C * C fcfc < , 
&#&§*BI®jb<f#&;h.fco 

[0 0 8 7] 

[»I8©«I*] GaN*&|;:GaAs«©iS 
2(7)SSa«j^ig-&L/cC:i:l;«fcU. >5xn©Si3©|fc 

WK&ofco gld^&BJite, §fH3©Pg©^XM©;F®& 
15. 



[0 0 8 8] MCI^fgBJJIi, 7 << TmtiMfcmvko 

G a N &Jp < /&R£-ttT 8 0 m mtll©G a NStSfcffl 
GaN©*^&at5tr*Cfc*<nI^t5&: 

So 

[0®©fgm&iSB8] 

[01 ] 01 li, *ft«®8{btt¥3fttt?©^x!i 

[H2] 0 21*. *&wcDmibVo±m&m : ?-<Dmmx.m 
[03] 03ii, ^%mamtm^m^m^-(Dm^m 

[0 4] 0 4ii, ^B^rogft'to^^^osiJgxs 
E«fc f»^*S<b%^f*m^©-^iKi©^te4^ L 

[05] 0 51*. *&w<Dm<bVi)*m&m : F(D-nM<D 
[0 6] 0 61*. *&w<Dmib%*m&m=Fo- , mi&<D 

1 • • • m 1 ©saats 

2 ' • • G a NStS 

1 o 1 • • • m\tm*m&m 

1 0 2 • • • {SiSjgt 

3 • • • &fcfe*3H*X?«t& 

4 • • • ^2©Miia« 

1 1 • • • nffi|/t'y77S 

1 2 • • • n#J^-7<y KJ1 

1 3 • • • nftfttf-f KJI 

1 4 • - • SStfeJI 

1 5 • • • p(PJj^v-y^ 

1 6 • • • p$mH4 KB 

1 7 • • • p«*5v KM 

1 8 • • • p$j=)>£/7 hit 

2 0 • • • nfl'J+-v>v7'« 

2 1 ■ • • pit® 
2 2 • • • ptuj vnm 

2 3- • • n n& 
2 4- • • n/(v 
25 • • • «6ttfi| 
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[04] 



[0 5] 




U:nfflA*77rJ8 
2:GaN£& 




[06] 



15:pW*ty7- jff 

l9:>77>6*JhJ6l 
ll.nfll*'jr77JB 
2.GaNg& 




-23.tt«66 



